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ABSTRACT

DuringCASTLE,an offsite monitoringpogram was conductedin the Central
and SouthwestPacificto documentand to providecurrentmeasurementsof
the radioactivefallout. Navy patrolaircraft,equippedwith gammaradiat-
ion instruments,were dispatchedover plannedroutesto measurefallou%
afterits presencehad been detectedby automaticgammamonitors. Eleven
of thesewere collectinga continuousrecordon selectedatollsin the
Marshall,Caroline,and MarianaIslands. Air surveymeasuremmtswere
~mverted to groundintensitiesimmediatelyuponreceiptby meansof suit-
able curves,permittingappraisalof the radiologicalsituationovera
widespreadarea. Atiliary stationsprovidingdaily gammameasurements
were locatedbeyondthe networkof automaticstations.

Cumulativeand peak radiationdosagewere measured,or computedfrom in-
directmeasurements,for all islandsin the automaticnetworkand for
islandswithinthe two aerialsurveypatternseast of Bikiniin the
MarshallIslands.

BRAVO accountedfor 89% of the totalcumulativeradiationmeasuredduring
the program. The greatestradiationrate,extrapolatedfrom directmeas-
urewnts, 12.5 r/hr,occurredat RongelapafterBRAVO. Valuesboth greater
and lesserthan thisprobablyoccurredat variousislandsin the Rongelap
atoll. The greatestestimatedcumulativeradiationoccurringfrom any
eventuntil the next followingwas 190 r at RongerikafterBRAVO. The
totalcumulativeradiationat Rongerikwas 206 r.

The monitoringmethodcombinedfixedcontinuoutistationsand aerialsurveys.
The advantagesof each mthod was utilizedso that theywere complementary.
Rapid,accurateinformationaboutradioactivefalloutwas providedby a
meanswhichprobablyrepresentsthe maximumin economyfor such extensive
coverage.

The SCIIJTANETER,a sensitive~widerange scintillationtypegamnam=-er
was demonstratedto be a dependable very Portablejfacileinstrumer.tf’fl
aerialmonitoringUse.

~creased .;:~uracy~reliabilitiy$and precisioncan be obtainedfor :~c’~r=.
surveysof tb~s naturethraughcertainsugges+edmodifications.
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1. INTRODUCTION

Pur ose. At the requestof CINCPACFLTthe Healthand Safety
1“ +Laboraory of the New York OperationsOfficeorganizedand directed
a programto documentradioactivefalloutfrom CASTLEin the Central
and SouthwestPacific,exclusiveof the provinggrounds. Current
falloutinformtion was to be made availableto CINCPACFLTfollowing
each detonation.w programwas to be ~atterredbasicallyon the
NYOOmonitoringsystemdevelopedfor IW:

The informationderivedwas used in the imumiiateestimationof radio-
logicalhazardsin heavyfallout=eas. The domn*ed f~lout co~ti-
tutesa recordof cumulativeradiationproducedduringthe test series.

2. Or anization. The xmitoring programwas plannedand directedby
the- SafetyLatxmatory,Hew York OperationsOfficeand ac-
tivelysupportedby severalagencies. HASL organizedtie -tio~
of the participatingagencies$developedprocedures,ad furnishedall
mdtoring instrumentsemployed. The Director,Healthand Safety
Laboratory,was in over-allchargeof the progrm. The ~oject Officer
(HASL)directedoperationsin the forward*ea. Operationswere e=
ecutedin accordancewith the operatingplan ‘HAsL-@ -@rattig pro-
cedure,FalloutMonitoringfor CASTLE”. Monitoringinstrumentcali-
brationand maintenancein the forwardarea was perfor=d by the HASL
staff. JointTask Force-7Headquartersprovidedlogisticsupportand
made availablecommunicationsfacilitiesin the forwardarea.

The Instrumentmonitoringprogramconsistedof the followingoperation-
al subdivisions:

1. Fixed InstrumentNetwork

(a) Automaticmonitoring
(b) Auxiliarymonitoring

2. AerialSurveyMonitoring

-d In=+ruxmmtNetwork

stations
stations

The U. S. hfeath.~Bureau$the U. S. Navy,and the Usm Air ~eat~a~
Serviceoperatedfixedautomaticgammamonitoringstationson sites
selectedbasicallyto createa uniformlydistributedpatternrelative
+~ the test area. The availabilityof facilitiesfor the operation
of monitoringequipmentwas a factorwhichlimi$edthe numberof atclls
whichcouldbe ●tilized. Uniformdistributionwas reasonablywell
acb5.evedpartiru’.xlywithin the ‘bustTerritov*

-1-



*

The natureof the automaticInstmments was such that very little
attexxtionwas requiredduringnorml operation. The functionof the

stationpersonnelwas to read and transmitthe indicatedradiation
data. Exceptfor a simplebriefingsnone of the personnelwere pre-

@rained in the use of theseinstrumentsnor in the fieldof radia-
‘%ion safety.

t
The sitesas originallyestablished

Location

Iwo Jima

Yap
Wake
Midway
Rcngerik
Majuro
Kusaie
Ponape
Kwajalein
Ujelang

*JTF-7weatherunits
*ujelang was unattended. Data was
personnel.

“were:

OperatingAgency

Aws
Aws
USWB
USWB

USN
AWS*
AWS*
AWS+$

USN
HASL*

retrievedperiodicallyby H@L

AFOAT-1operatedsix audliary stationsin more remotelocations
whichwere eqpippedwith portableGeiger-Muellersurveyinstruments?
The six locationswere:

Manila,Luzon
Okinawa
Yokota,Japan
Oahu,HawaiianIslands
Shemya,AleutianIslands
Anchorage,Alaska

‘On B + 1 a portablegama instrument(Scintameter)was placedat
JohnstonIslandAl?%to interceptthe BRAVOcloudbelievedto be
travellngeastfrom the f.,rwardarea. Thiswas replacedby an auto-
matic gammazmitor afterRongerikAtoll.was evacuatedand the auto-
maticmmitor rennvedfrom ~hatsite. Johnstonwas the only location
east of BilcLniand approfimacelyin the saxmlatitudeas Rongerikwith
facilitiesfor mmitor operation.
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Short~ afterthe firstevent,the first .t.reelistedstatiom were
discontinued.

The locationsof all the instrumnt monitoringstatiom are plotted
in Figure1.

AerialMonitor~

ThreeNavy patrolsquadronswere assignedto aecute aerialsurvey
missions. Thesewere VW-1 at BarbersPoint,Oahu$VP-29 at Kwajal.ei%
M.I., and m-3 at Ag~~ G~o They covereddesignatedPacificIsland

groupsaccordingto the followingpatterns:

vP-29

ABLE

1 Kwajalein
2 Lae
3 Ujae
4 Wotho
S Bikini
6 Ailinginae
7 Rongelap
8 Rongerik
9 Taongi
10 Bikar
U Utirik
12 Taka
1.3Ailuk
1.4Jemo
15 Liklep
16 Kwajalein

VW-3

i. Guam

2 Rota
~ ;&-llaa

5 Saipan
6 Farralon*’

Medinil.la

BAKER

1 Kwajaleti
2 Namu
~ Ai&LxlixlaPalaP.

:E&

7 Jaluit
8 mu
9 Arno
10 Majuro
11 Aur

12 Maloelap
13 Erikub
14 Wotje
15 Kwajalein

EASY

CHARLIE

1 Kwa$alein
2 Kusaie
~ ~~llap

5 Ponape
6 Ujelang
7 Kwajalein

FOX

1 Guam
2 Gaferut
3 i?aranlep
: Wm&ayu.

6 Woleai
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SECRRT

VW-l

DOG (Contld)

7 Anataharl 7 Satawan
8 Sariguan 8 KWP
9 Goguan 9 Pul.ap
10 Alamagan 10 Guam
3.I.Pagan
12 Agrihan
13 Asuncion
a Maw
15 Farallonde Pajaros
16 tiuam

GEORGE HOW

FOX (Cont~d)

7 Eauripik
8 Palau
9 Ngulu
10 Yap
11 Ulithi
12 Guam

ITEM ‘

1 Oahu 1 Midway 1 Oahu

2 Midway (over 2 Oahu (over 2 Lanai

southbeaches$ northbeaches ~ &li

all islesin all.islesIn
.

chain) chain) 5 Molokai
6 Oahu

Surveypatternsare plottedin Figure2.

.
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II.

The programwas an integrationof two principlesof monitoring. The
firstwas a networkof ftiedmonitoringstationsreportingdataregu-
larlyto the Task Force. The secondconsistedof aerialmmitori.ng
flightsby Navypatrolsquadxonaircraftover specifiedislandsfol-
lowingeachburst.

1. FixedInstrumentNetwork

GeneralDescription.The fixednetworkinitiallyconsistedof eighteen
gammanmnitoringstationschieflyin the l*shall$ garoline~and l@i-
ana Ishnds but exterdingto the Philippines,Japan,Hawaii,and Alaska.
The numberand locationof the siteswere somewhatmwiifiedin the
courseof the test series. The Stations,with one exceptionwere
manned,and reportsof gamnaradiationweretransmittedregularlyto
the tasktorte at six, twelve,or twenty-fourhour intervalsdepending
on theirpositionsrelativeto the provinggrounds. The twelvesta-
tionswit’in1S00 nautical.milesof the provinggroundswere equipped
with 110 v AC automaticcontinuouslyrecordinggammamonitor~ having
a rangeof .001to 100 mr/hr. A batteryoperatedautomaticmnitofi-
was placedon one island(Ujelang)wherefacilitiesfor a mannedsta-
tionwere unavailable.Data was recoveredfrom this stationafter
eachburst.

Six remotestationsbeyond1S00 miles wereprovidedwith portableGM
surveyinstrumentshavinga rangeof 0.01 to 20 m/hro ~i~e d-ai~

measurementsof localgamma activitywere transmittedonce a day from
thesestationsto the task force.

Data was transmittedby administrativeteletypemessagesfrom allbu$
four stationswhichwere weatherobservationpostsmaintainedby‘he
taskforce. Falloutdata from theselocationswe:”eappendedto rYl-
tine data transmissionsto the task forceweathercentral.

-7“



The gammaintensityat each of the automaticstations(exceptUjelang)
was recordedat 0600$1200,1800,and 2400 Z dailyby residentoperat-
i43 personneland transmittedto the HASL representativeat TaskForce
Headquarters.

The instrumentswere routinelycheckedeach day for properradiation
response. This test,which consistedin observingthe meterresponse
to a low intensitybuttonsourceplacednear the GM tube,provideda
meansof detectingcircuitfailures. Two HASL technicians,at Guam
and Kuajalein,vis”itedthe monitoringstationsperiodicallyto adjust
calibrationand ta effectrepairsas require&

Many of the monitoringunitsinst~led were designedto recordthe
beta dustconcentrationcontinuouslyas well as gammaradiation Un-
fortunately,all of the beta channelsfailedas a resultof various
mechanicaland electricaldifficultiesaftershortperiodsof operation.

Twicedaily,the groundgamma intensitywas measuredwith the portable
GM metersat each of the AFOAT-1installations.Thesemeasure~nts
were obtainedby scanninga smallgroundarea from a heightof three
feet. Meterreadings of less thanO.OS’mr/hrwere attributedto back-
groundradiationand were reportedas negativevalues. Data was trans-
nd.tteddailyfrom each stationto TaskForceHeac@arters.

The instrumentswere testedeach dayfor correctoperationandradia-
tionresponsein a mannersimilarto that employedfor the automatic
monitors. Faultyinstrumentswere replacedafternotificationof NYOO
ProjectHeadquartersthruAID!T-lchannels.

Receiptand Utilizationof fixedNetworkData. Radiationintensity
reportswere tabulatedchronologicallyby locationas theywere re-
ceivedat the Task ForceHeadquarters.When a reportedincrease‘Jas
indicativeaf significantfallout,a surveyflightovera pattern
whichincludedthe islandfrom whichthe reportoriginatedwas re-
questedof the appropriatepatrolsquadron. mom the reportreceived
upon completionof the surveyflight,a comprehensivepresentationof
falloutintensitieswithinthe selectedpatternwas made availableto
the task forceradsafeofficerand otherinterestedtask forcepersonnei.

In addition,the continuedtransmissionof radiationdata fromthe moni-
toringstationsprovidedan accuratemeasureof potentialradiationex-
posureat theselocations. Weeklysummariesof cumulativeexposures
were tabulatedfor each st..tion.
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2* AerialMonitoring

C~neralDescription.Aerialsurveyswere conductedby Navy patrol
planesequippedwith SCINTAHETERS*,sensitive,wide rangeg-a
scintillationinstrumentscapableof measuringgroundintensities
of as littleas 0~0~ mr/hrfrom altitudesof 200 ft. ~ greatert
Surveyflightswere made overpre-determinedpatternsdesignedto
achieve ITEKLmUmcoveragein selectedareas. The patternsincluded
the Marshall,Caroline,Mariana$and HawaiianIslands- Data WaS
transmittedto the task forceoccasionallyfrcr,surveyaircraftin
flightbut more generallyfrom the squadronbase at the conclusion
of eachflight.

Operation. The scintameterswere operatedin fl.igh~by aircraft
crewmemberstrainedin theiruse. Usuallytwo instrumentswere
carried,one reservedas a sparee The scintameteroperatorrecorded
backgroundreading,position,altitudeand radiationintensityfor
each islandin the surveypattern. Backgroundwas measuredduring
the approachto each isltandat a distanceof severalmiles. These
datawere transnd.ttedto TaskForceHeadquarterswherethe intensity
at the statedaltitudeover each islandwas convertedto groundin-
tensityby meansof a calibrationcurve,

Measurementswere generallymade from an altitudeof 200 feet. Where
the upperrangeof the instrument(100mr/hr)was exceededat 200 ft.,
the measurementwouldbe repeatedat higheraltitudesuntila value
tithinthe range of the instrumentwas obtained. Altitudewas meas-
ured with a radioaltimeter. Theratio of groundintensityto the
intensityat the operatorspositionwithinthe aircraftat 200 ft. is
a:,proximately4. (Scintametercalibrationis des.ribedin SectionVI).
The low end of the scintameterrange is 0.003mr/hrso that theoreti-
callythe minbal detectablegroundintensityis 0.012mr/hr. In
reality,the minimaldetectablevalue is controlledprimarilyb~ the
gavnabackground. Thisbackgroundcan be causedby cosmicrays$
~vigation~ ~tnmnts, aircraftcontamination,and possiblyre~i-
dualbomb debrisin the air. The practicallower Iid.t duringCASTLZ
was in the orderof 0.0S mr/hr.

FollowingBRAVO,surveyparties,put ashoreat severala~l~s in ~~.
~ea of ..?wiestfallout,r~c~rdedlar~eradiationintensitjrgI’2>!:‘“:
fn directionsapproximatelynormalto the fallou+path. At ~CK2~?~::-

ap:roximately @netY tiles from groundzero,a differenceof a~ cr~~r
of magnitudein gammaradiationwas notedbetweentwo op~site ends
of the atoll,a distanceof about 20 miles. This evidencewas sub-
stantiatedby ABLE flightsrepeatedon B * 3 ad B + 18 duringvhic!l

*Inst.*meritsare describedin SectionVI.

-9-



measurementswere made over sever~lislandsin each of eightatolls.
TenL?o13differencesbetweenislacdintensitieswere measuredat
Rongelapand four-folddifferencesat severalotheratolls.

Theselar~e.nadientswere not antici-patedpriorto BRAVOand scinta-
neteroperatorshad not been cautionedto identifythe individual
islandssurveyedwithineachatoll.

To standardizesubsequentaerialsurveys,a specificislandin each
atollwas selectedfor measurement.All radiationreportsbeginning
withIWHI =e in referenceto the same islandin each atoll.

The plannedmethodof selectingsurveyflightsbased on reportsfrom
monitoringstationswas inapplicablefor patternABLE afterBRAVOdue
to the evacuationof Rongerik,the only groundstationin the ABLE
orbit. With upperlevelwindsgeneral~yfrom the west to southwest,
patternABLE provedto be the most usefuland most used of all pat-
terns. It was dispatchedroutinelyon D ● 1. Before”thisw= done>
air particletrajectoryforecastswere reviewedfor the possibility
of the cloudbeing over the northernIlarshallson D + 1. The fore-
castswere reasonablyreliablefor a periodup to H ● 24 to H + 36
hours. Usually,the forecastsplacedthe cloudbeyondthe Marshalls
by H + u hours. Surveyson D day were avoidedbecauseof the risk
of contaminatim~surveyaircraft. The very leastresultof flying
thruthe clouddebriswouldprobabljjhave been the eliminationof the
aircraftfrom furtherlow intensitymeasurements.Falloutwas gen-
erallynot forecastto be completein the northernMarshalllsuntil
late on D day or earlyon i)* 1.

-1o-
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III. RESULTS

1. AutomaticMonitoringStations, Twelvemtc~tic monitortigsta-
tion~ or OA$TLE. Elevenwere ope~ated
continuouslydiringthe series. Thesewere; Iwo Jima,Guam,Truk,
Yap, Ponape,Kusaie,Majuro,Kwajalela,Ujelang,Wake, and Johnston.

Gaxnaintensityversustime afterburstis plottedin Figures3 t~
16 ~ for thoselocationswhere sigdficantradiatica(generallygreater
than 0.1 mr/hr)was masured followlnga particularevent.

Rongerik-BRAVOBurst. No monitordataare availableafterB + 8 hours
when the gammaintensityexceededtheupper scalelimit (1OOmr/ti).
UtiUzing-theABLE surveynmasurementat B ~ 32 hours$an estimation
of the peakradiationvaluemay be obtainedgraphicallyby extrapolat-
ing the automaticgammawaiter curve

*
ove 100 mr/hrand extrapalat-

fig the AELE measurementback on a t-~o decw curveuntiltie two
curvesintersect. This is slxwno~ F$~e 17. Cumulativeradiation
from BRAVO (Paragraph~ below)is computedfor Bc@gerlkusiagthe peak
radiationvalue obtaiaedfrom thissynthsticgraph.

Beta Dust Concentration.No beta dust concentrationswere obtained
from the mnned automaticstations. At Ujelang,the unmannedstation,
beta dustconcentrationswere obtainedonly for ROMED (Figuren) ●

Thoughthe eighthead dust samplerwas servicedpriorto each event,
a varietyof operationaland Instrunmtal clifficultiesgenerally
renderedthe instrumentineffectual.

2. Auxiliary MOIlitOIiUg Stations. Remotestationsat Oabu,SheWa,
and Anchoragereportedgammaradfation dailythroughoutOASTLE. No
significant‘radiationwas detected,i.e. therewere ao measurements
greaterthan0.05 mr/hro

3. AerialMonitoring. Thirty-threeaerialsurveymissionswere flown
duringCASTLE. Of these,fifteenfollowedpatternABLE and sevenfol-
lowedpatternBAKER. ~ + II ~

With the exceptionof patternKING,all surveypatternswere desi~i.ed
priorto the testserieso KING was iqrovised followiagBRAVO to sur-
vey the GilbertIslands. It was not repeated.

As a resultof the widespreadandunusuaQy heavyfalloutfromBRAVO,
all.surveypatterns(exceptHOW++)were arbitrarilyexecutedto detect
any areasof unsuspectedfal.loutcIn all of the fo~~q eventss

+?HOWis identicalto G&3RGEexceptfor the dixectionof flight.
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monitoringstationreportswere used as basic criteriain determining
the needof flightsfor all patternsexceptABLE. With the elimina-
tion of RongerikafterBRAVO,therewas no nmitoring stationin the
4BLE pattern. ConsequentlyA13LEwas flownon D * 1 aftereach event.
This was necessarybecauseof the consistentupper levelwesterlies.

The air surveymeasurements,extrapolatedto groundintensitiesare
plottedin Figures19 thru26.

4. Cumulativeand Peak Radiation. Cumulativeradiationis listedin
Table1 for all atollsin the ABLE and BAKERpatterns(allof the
Marshall.groupeast of Bikini)and for the islandscomprisingthe
automaticmonitoringnetwork. The valuesat atollswithinthe other
surveypatternsamountedto so littletkt ~eY are not includedex-
ceptfor tiosewith automaticmofitors. (Forinstance,the total
cumulati= radiation@ Ponape,in tie CHARLIEpattern,was less than
% of the permissibleexposurefor the test series).

The cumulativevalueswere derivedeitherby integrationof direct
measurementsin the caseof the ftiedstationsor by use of theWay-

Wigner decayformqlaappliedto the initialmeasurementsfollowing
each burst in the caseof aerialmonitoring.

The stun of the estimatedcumulativegamma at the 40 listedlocations
for the 26 day periodbetweenBRAVOand ROMEO accountsfor 89% of the
totalestimatedfor the entireseries. The approximatecontributions
from the remainingevents,are: --503%$ KooN-3.2%,UNION-O.9%,
YANKEE-1.2%,snd NECTAL-0P2$.Thesevaluesare computedfor the
periodfrom the statedeventuntilthe next and for thisreasonun-
doubtedlyincludesome carry-overof contamination.

The abovevaluesshouldnot be interpretedto relatethe totalef-
fectivefalloutfrom each of thedevicessince the sam meteorological
conditionsdid not obtainfor eachevent.

Peak radiationintensitiesfollowingeachburst are listedin TableH.
Thesevaluesapplyto one islandwithineachatmll surveyed. In-
tensitiesat otherislandswithinthe S- atollmay havebeen greater
or lesserthan statedfor any givenevent,

s, IsodoseChart. FSgure27 is an isodosechart of the Marshall
Islandsbased on totalcumulativeradiationfrom CASTLEat eachisland.

9m3H?
_9R-

6. Correlationof GamnaIntensitywith FalloutP= Unit Area. At
many of the automaticpuma monitotig stations~gummedfilm saql~s
were collecteddaily w part of theWorldWide Monitori

Y
Network.

The gumnedfilm analysesare reportedas beta dis/min/ft. Cmpa.rative
data fromthe two mor+”aring methodsare availablefrom thesestatior..-
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To establishan empiricalrelationshipbetweenbeta dust activity
on the groundand gammaradiationintensityat threefeet over the
ground,selectedcomparative~ta havebeenplotted. (Figure28).
The valuesselectedare limitedto the first24 hour periodof
significantfalloutfollowinga givenburst. Beta activityhas been
extrapolatedfrom countingdate to samplingdate. The paucityof
valuesis due to incompletedata;dust samplesare missingin cer-
tain instancesand monitorfailuresoccurredat varioustimes.

The valuespresentedare preliminary.Furtherreviewof the available
datamqy discloseadditionaluseful.comparisonsand a refinementof
computationsmay alterthe existingvaluessomewhat.
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~.] . FACTORSRELATINGTU DATA INTERPRETATION

1. AutomaticMonitoringStations

A. DiurnalVariation. Shortlyaftertheirinstallation,the
AC operatedautomaticnmitors displayeda regulardiurnalvari-
ationapparentlydue to temperaturechange,Wdity, or both,
The variationwas as greatas an order of magnitudein some in-
st~nts. For this reason,the practicallowerlimitof detec-
tionwas about0.1 mr/hralthoughthe designlimitwas 0.001mr/hr.
Interpretationof radiationintensitiesless than0.1 mr/hrwas
difficultand on one occasion$falloutof low intensitywas un-
noticedwhen it occurred. A later,carefulanalysisof the data
revealedthat0.1S mr/hroccurredat PonapeafterRCMEO. Had this
been known,a CHARLIEsurveywould havebeen executedand it is
possiblethat significantfalloutmy havebeen detectedat other
stillsb the area,

A reviewof the data and,tieinstrumentalbehaviourhas indicated
that the late nightinstrumnt readingwas inmost casesa re-
liablemeasureof low intensityradiation. Inse~eral titances
of lightfallout,.(Ponape_O, Truk-BRAVO,Truk-YAN’KEE)only
the 1800 Z valuewas used for plottingtime graphs, Simil~lY~
at severalstationsonly the 1800 Z valueswere used in computing
cumulativeradiation.

The diurnalvariationwas consistentlyso high at Ouam that none
of thosedata,all of which are low level,are consideredvalid.

B. Comparisonwith GumnedFilm. In thoseinstancesof suspected
fallou where~ renderedmonitordata of question-
ablevalidity,the datawere comparedwith the apprpriategummed

8film analysesfrom the WorldWide SamplingNetwork. In each case~
the gummedfih displayedan increaseh activitycorresponti.ag
to the monitordata. Thus,the rwmitordata was quali.tative~y
substantiated.An exampleof the comparisonof ths gummedfilm
resultswith automaticmonitorvaluesis shownb Figure29.

c. AutomaticMonitoringInstrumentsDownTime. Monitoringsza-
tiorswere out of servicefor an averageof 15% of the ti~ fr~-~
MaxL..1 to May 20. Fortunately,much of the down tire?occurred
betweeneventsso that usefuldatawas lost onlyat the following
stationsduringthe statedfallout~riods: BRAVO-Kwajalein,
Wake, Ponapeand Iwo Jima;ROMEO-Kusaie,U~elang,Yap, and Ixo
Jim; KOON-Xap, and Iwo Jima;UNION,-YANKEE,AND NECTAR-Johr&ton.
The presentedcumulativeradiationvaluesare therefore,in genera
underestimations.me valuesare basedon the recordeddata o.ti~

which account, on the average,for 85%of the durationof CAS~-3.
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Radiationduringdown timewas not estimatedexceptat Ujelang
where down time was in excessof 50%. Therethe estimateiS
also low becauseno data are availablefor the falloutperiod
ROMEO ad NECTAR.

Peak intensitieswere obtaineddirectlyfrom the monitordata?
Whereblanksoccurin TableII,data are unavailabledue to in-
strumentfailureor incorrectcalibration,The valueslisted
are the greatestintensitiesfollowingeach burst~

2. AerialSuney Monitoring

A. FalloutArrivalTimeAppliedto AerialMonitoringData-Flight
ABLE. Falloutarrivaltimesare not generallyknownfor the
=nds coveredin the aerial mrveys. The few exceptionsare
thosewhichwere automtic monitoringinstallations.Cumulative
and peak radiationcomputationsare necessarilybasedfor the
mst part on estimatedarrivaltirm?s.

For BRAVO,tie arrivaltim at Rongerikis exactlyknownfrom
the automaticmonitorrecord. For otherstillson the sam gen-
eralbearingas Rongerikfrom Bikinijthe arrivaltimeswere
arbitrarilyassumedto be proportionalto the respectivedistances
fromBiti referredto Rongerik. Allowancewas made for the
initialrapidlateralcloud‘growthin the firstminutesafterthe
burst. Data obtainedfrom TaskUtit-1indicatedthat at + 10 minutes
the clouddiameterhad grownto 335,000feetand the rate of growth
had diminishedto a relativelyslightamount. Peak radiationvalues
were computedby extrapolatingthe observedintensitiesto the esti-
matedarrivalttis,

For the northernMarshallatollsonwidel.ydifferentbearingsfrom
BikinithanRongerik,hencewell removedfrom the directfallout
path,the intensitiesobservedduringthe aerialsurveyonB + 1
are the reportedpeak valuesin the results. Cumulativeradiation
computationsare based on decayassumedto startfrom thesepeak
intensities.

For the otherevents,the peak valuesare takenas thoseobserved
on theD + 1 aerialsurveysunlesslater surveysof the same islar.ds
indicatedadditionalfalloutafterD + 1. In thesecases,arrival
tim was arbitrarilyassumedto be D + 2 and the intensitiesmeas-
ured on the repeatflightwere extrapolatedback to D + 2. Cumu-
lativeradiationval.ueswere computedassumingt-1*2decayfromthe
peakvalues.
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Cumulativevaluesare not correctedfor the slowerdecayrate of
residualcontaminationfrom previousbursts~ The neglectof pre-
vious contaminationis partiallycompensatedbyerosionby wind
and rain,a variablefactor.

Flight BAKER. Falloutdefinitelyoccurredat MajuroduringBRA~
and ROMEQ and the arrivaltireswereaccuratelyestablished.But
there seems no validmethodof relatingtheseto the arfivalof
falloutat otheratollsin the southeast~rhsalls, shortof a *-
tailedanalysisof the pertbent meteorologicalsituation.HOW-
ever,overMajuro,B- flighton B * 2 ve~ nearly coincidedwith
peak falloutthereas measuredby the automaticmonitor. Arbi-
trar~ the peak intensitiesfor all islandscoveredby thatfight
are takenas the observedtitensities.

For RCMEQ,all surveyvaluesare extrapolatedto R + 4$ againtO
confom with the =rival at Majuro. With the lack of difinitlve
data for the time of arrivalin au remair@g eventssit iS assumed
to be D + 3 as a compromisevalue.

B. . Backgroundwas recordedprior
to eachatoll measureunt while aircraftwas severaltilesfrom
the island. In computingatollradiationintensities,the back-
groundvalue (whichvariedby as much as an orderof magnitudedur-
X any one mission)mightbe attributedto sourcessuch as navi-
gationinstxumnts, aircraftcontamination,skyshinesor a cofiina-
tion of these. It has been reasoned#at the backgroundcouldbe
validlysubtractedfromthe atollmasuremnt to obtaina net value
of groundintensi~. btensitieswere computedby this mans dur-
ing the testseries,

Late in the series,it came to our attentionthat significantin-
tensitiesMy be emittedfrom the ocean surfacefor severaldays
aftertheburst> This phenommon may be anotherfactorin the
measuredbackgroundand cannotbe disassociatedunlessan addi-
tionalbackgroundmeasurement,suchas at a differentaltitude,is
@vsilable. For any @ven measurement,thered.sts the gmssibilitjj
h one extremethat substantiallythe entireback~ound is due to
oceansurfaceintensity. Thisvaluewould not be subtractedfrcn
the -,.tcumeasurement.In the otherextrem=,the entirevalue of
backgroundmst be subtractedas was done In reportingdatadufing
the series. In no case did the backgroundvalue exceeda ground
xasurement as mighthypotheticallyoccurif currentsmovedcon-
tamimted sea waternear an uncontaminatedisland.

-47-



The valuespresentedon Figwes 3 thru1? * usedin coqut~g
cumulativeand peakradiationare net radiationvalues$i.e.
backgroundhas been subtractedfrom the observedatoll.intensity.
It shouldbe noted that10M intensityvaluesmaY be considerab~
in errorwherebackgroundlevelsare of the same orderas the
measuredatollintensity.

G. Relationof AerialMeasurementsto GroundLevelIntensities.
Certainly’one intrinsicfactorlim“ts the agreementwhichmay be
aohievedbetweenany particularpair of correspondingaerialand
groundmeasuremmts. Thisis the vast differencein the effective
areasscannedby the two m?thodsof smey. A singlegroundlevel
=asurementwith a portablegamnainstrumentregistersactivity
emittedfroIuan area of a few sque yardswhilethe SCINTAMETER
at an altitudeof 200 feet or more sees an area of perhaps10,000
to 15,000squareyards.

It is well knownthat measurementson the groud willshow con-
siderablevwlation over a relativelysmallarea. This was parti-
cularlyevidenton Eniwetolc(Parry)afterthe late falloutcarried
backby the low level tiadesafterR~lUL Gammaintensitiesfi
the open over horizontalsurfaceswere up to two @nes greater
thanintensitiesin the lee of largeobstructions Simil=lyS
measurenrmtsnear the windwardsideof yerticalsurfaceswere
greaterthan measurementsover open horizontalsurfacesO

In the like manner$aerialmeasurementscanbe distortedbyuneven
terrain,scan4ng the lee or Wndw=d sideof a ~~tainous islands
and perhapsotherfactors,

AfterBRAVO$surveyp=ties reportedsubstantial‘J~iations~ out-
sideradiationmeasurementson all of the islandssurveyed.

General~, one aarialnx?asurementshouldapproxi.mtethe average
of many individualoutsidegroundmeasurementstakenover the same
generalarea,however,the factor0$ instrumentationmust be recog-
nizedas a variable. The energyresponsecharacteristicsof porta-
ble instrumentscoranordyused duringCASTLEdifferfrom each otiler
somewhatand differfromthe SCINTAKETERrathermarkedly. T~:~l-e-
sponseof the TIB, for instance,is nearlyflat above0.1 liev.’~
The characteristicsof the AN/PDR27C are somewhatless uniformbut
above0.3 Mev are reasonablyflat. Zhe SCINTAMETER,on the other
hand,peaksat about0.25Mev and lxasa uniformlydecreasingre.
spome from,thepeak as the gamnaenergyincreases. The character-
isticsof the threeinstrumentsare plottedin Figure309 If the
instrumentsare all”calibratedtith Co@ or radiumsoucce,as in

—@3Rm
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Figure30# the responseof ths SU2JTMTM at %’7 Mev~5 t~~ a~~~.
age of gammafissionproductactivity,is about60% greaterthan
both the TIB and the 2’?Cinternalprobeand about100% greater
than the 27C externalprobe.

Thus,it can be readilyunderstoodthat readingsof two different
instrumentsin the samsgammafieldmay be differentand eventwo
overlappingscalesof the sarm instrumentmay not agree.

The sizeof the islandssurveyedwithinthe rangeof this study
apparentlydoesnot effectth validityof the altitudeto ground
intensityconversioncurve~ Calibrationfor the SCINTAMETERSwas
performedover areasof varioussizes including both small and
largeislandsin the Eniwetokand Bikiniatolls. Data fromthese
severallocationsagreedvery closely.

Obviouslytjudgementis neededin evaluatingradiationintensity
h termsof potentialexposurewhethergroundmeasurementsor
aerialmeasurementsare the sourceof data.

.—
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. v* EFFECTIVENESSOF MONITORINGPRoGRAM

The aerialsurveysand the automtic mmitoring networkust be re-
viewedtogetherto analyzethe effectivenessof the programproperly
for theywere designedto complementeachother. The progr~ was a
practicalcompromisebetweentwo extrememonitoringmethods,one be-
tig a monitoringnetworkcomprisedof stationson each of the islands
includedin aerialsurveypatterns(66in the Marshalls,Carolines,
andHarianas)or the otherbeing dailyor more frequentflightsover
each of the surveypatternsfrom1)t 1 repetitivelyfor a nuriberof
daysfollowingeach event.

It is believedthat the monitoringprogramdid successfullyfulfill
the basicret@.remnts of providin~timelyfalloutinfortitioncon-
cerningthe CentralandSouthwestPacificand of documentingcumulative
radiationin those areas. The info.nnationdevelopedby this system
followingthe BRAVOburst is an excellentillustrationof its effec-
tivenessin performingthe formerfunction.*

.’

*t 1540 M onB daY,the ~tomatic motitoron Rongerik>DO ~ East
of Bikini,went off scale. (Maxim scalereadingis 100 mr/hr).
TMS information,receivedat the TaskForceHeadq~~rs aboardthe

,“ Estesat about1600 M, was the firstindicationof excessivefallout
outsideof the shipsof the Task Forceand Bikiniatollitself. A

. radsafemonitorwas sent with a scheduledislandresupplyflighton
the followingmorningto clarifythe falloutsituationwhich hadbeen
indicatedby the automaticnmitor. At 2000M on B day, a m?ssageto
SquadronVP-Z9was originatedon the Estesrequestingthe immediate
executionof flightABLE. The requestwas delayeduntil thathourto
diminishthe possibilityof the surveyaircraftpassingthru the radio-
activecloud. Due to communicationsdifficulties,the mssage did not
clearthe Estesfor about twelvehoursafterit was originatedand the
flightdid not leaveKwajaleinuntilaboutnoon onB ~ 1 day. At 1.$35M
on B + 1 the firstinflightreportwas receivedfrom the surveyaircraft.
The reportincludedmeasurementsoverAilinginae,Rongelap,and Rongerik.
It confirmd masurements of dangerousradiationmade on Rongerikby tha
radsafe-miter a few hoursearlier. On his reconxnexdation,evacuation
of Rongetikhad begun immediatelyand was completewhen the firstin-
flightmessagewas received. By 2000M the radiationintensitiesat all
atollsin the ABLE patternwere knownand plans were formulatedfor the
evacuationof additional.north&shall atolls. By B ● ~ &yS, dl sur-
vey patternshad been executedincluding an improvisedpatternto survey

. the GilbertIslandsand the extentand severityof contaminationin the
Pacificwere clearlydefined.



i~-.=re;ieretwo locationsfromwhichrepetitivepracticalcomparisons
kt:ti~~~n ad.al and SToundr,easurementsare availableduringCASTLE.
SU’-t’eyparties visitedRongerikfrequentlyover a periodof many
weeks afterBRAVO and recordedgammaradiationintensitieseachtin.
AN/PDR-TIBs,portableionizationtype rm?ters,and otherportablegama
meterswere employedfor the measurements,The averagesof those
measurementstakenoutsideof buildingsagreevery closelywith aerial
surveymeasurementsover Rongerik. Thesedata are plottedon Fig.31.
Certainof the comparativemeasurementsweretaken on the sam daYs;
otherswere noto The groundmeasurementstakenon days in between
aerialmeasurementslie very closeto the valuesexpectedfrom theo-
reticaldecaycalculations.Comparativemeasurementsare alsoplotted
for Ailinginae,Utirik,and Ailuk (figure~~2,33S =~34!, altho~h
theseare locationswhereonly one set of groundrm?asurementswere
taken. The follow-upsurveymeasurementsmade afterthe D ● 1 surveys
showreasonablycloseagreementwith the theoreticaldecaycurvesshown
on thesefigures. For simplicitythe’decayswere computedfrom each
new maximummeasurementfollowingeach eventwithoutregardto residual
contaminationfrom previousevents. Since therewas no methodof ac-
countingfor the effectsof wind and rain in reducingcontarnination$
thereseemedno reasonfor more elaboratetheoreticaldecaycomputation=.

At Majuro,the siteof an automaticmonitor,thereare comparativedata
for ea~h burstexceptNECTAR. Here again,the agreementbetweenaerial
and groundmeasurementsis good. These datamay be foundin Table2.

The significantcontaminationof sea waterfollowinga bursthas now
beeu amplydemonstrated.The possibilityexiststhatthis phenomenon
contributedb the backgroundvaluesrecordeddufingthe aerialsurveys
and thatthosevalueswere incorrectlyappliedto the atollmeasurements
in computingnet titensities.Suitableproceduresmustbe established
to differentiatedcyshine,wateractitity$and a~craft back=ound in
futureapplicationsof the aerialsurvey.

Severalof the installedautor,aaticmonitoringinstrumentswere desi~ced
to measuread recordbeta dust concentrationsas wellas gammaradia-
ti-n. All of thebeta channelsfaileduithina few days aftertheir
Lnstallati.m.The failuresresultedfromvariousmechaical and elec-
t~icaldifficulties.No &ta was obtaimd regardingbeta dust. T!i:l
desira!:i”~.tiyof obtairti.~suchmeasurementshas probablyincreased
ratherthan diminishedin lightof the renewedintereutin offsitefall-
0‘Jt. Zt is des&&l~ that the instr-mmts be perfectedfor futuretes”t3.

In offsitemmitoring conductedby thisofficefor previousNevadatests,
th+?msdsuweiit of bsta qctivityin dust collectcaon filterpaperswas
futi;~dt~ he a ,wre selisitivemeasureof bomb debrisarrivaltimeand
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“

activitjthan groundgammarneasure~ntspartic~r~ here fau out
was of low intensity. It was also foundto give earlierindication
of arrival,thisprobablybecauseof its greatersensitivity.There

is reasonto believethat thesecharacteristicswould applyin Pacific
testsand might proveusefulin warningof falloutarrival.

A particularly gratifyingachievementof thisprogramwas the utili-
zationof personnel,untrainedin radiationinstrumentation,for the
operationof the automaticmonitoringequipnxmt. This representsa
tremendouseconoqyin the use of the scarcenumberof personnel
trainedin radiationsafetytechniques. It has been demonstrated
thata fairlycomprehensivemnitori.ngprogramcan be continuedover
a protactedperiodwithouttyingup a largenumberof trainedpersonnel.
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n. INSTRUMENTATION

1. AerialSurveyMonitor%

A. The SCINTAMETER,GeneralDescription.*The SCINTAMETEK,a self-
contained,waterproof,batteryoperatedscintillationtype gauu~
detectorwith a fast responsetime,wasused for all aerialsurveys.
The unitweighsslightlyless than five poundswith batteries.The
singleinterscaleis dividedlogarithmicallyenablingseveralde-
cades.o$radiationintensityto be read withoutswitchingarrange-
ments. Two models,the TH-3-Band TH-3-C,have a rangefrom O.003
to 100 mr/hrand differonlyin batteryco lement. A thirdmodel,
the TH-7-A,has a rangefromO.001 to 10 r% This @gh level
instrumentwa$ developedfor the use of cloud*trackingaircraft
and was used extensivelyon theWILSONflights;it was not util-
ized in atollsurveysbut was servicedby HASL persomel.

B. Conversionof AerialMeasurementsto GroundLevel Intensities.
An air to groundcalibrationprocedurewas performedfor the SCII!iTA-
NETERat E&wetok in February-priorto CAS~ and repeatedat Bikini
a few days afterBRAVO. Similarcalibrationwork had been conducted
for the SCINTILOG,lpredecessorto the SCINTAMETER,priorto its
use duringIVY.

The calibrationprocedureconsistedfirstof conductinga thorough
surveyof the radiationintensityat 3 ft. over an areacontaminated
by fissionproductsfollowedby measurementsusing identicalin-
strumentsover the samearea from an aircraftat altitudesof from
so to 1000 ft. The ratiosof the averagegroundintensityto values
measuredat selectedaltitudesconstitutean attenuationcurve
which may be used in adjustingaerialreadingstakenover areasof
unknown contaminationti groundlevel intensities.

Thereare severalpossibleerrorsand variableswhichmay cause
variationsin the attenuationfactorsderived. Theseare: radiation
instrumenterror,(thisincludesenergydependencewhichis dis-
cussedin SectionV), altimetererror,humanerror,irregulardis-
tributionof fissionproductson the ground,fissionproductage,
and variationin the absorptionof differentsectionswithinan air-
cra-~tand betweenaircraft. (BothP2V aircraftand helicopterswere
utilized). Variationh the area of the radioactivesourcemay also
be suggestedas a causeof variationin attenuationfactir,however,
althoughthe islandsused for calibrationsitesvariedmarkedlyin
size and shape,the attenuationfactorswere not measurablydifferent.

uFor detaileddescriptionof instrumentssee ‘lHASL-15’4, OPERATINGPROCDURES,
FALLOUTMONI’IYMINGFOR CASTLE.N
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Fig- 35.

SCINTAMETER
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The followingcalibrationstudieswere conductedin connection
with CASTLE:

Locationand Dab Instmm3nt

Eniwetok,Feb.,1954
JANET SCINTAMETER
GENE SCINTAMETER
GENE NuclearInst.Corp,261GA

Bikix-d,March,19~~

I’ULLIAM SCINTAMETEB
YOKE SCINTAMETER

In addition,measurementstakenby independentsurveypartiesat
Rongelap,Rongerik,and Utirikusing severaldifferenttypesof
sumey instrumentshavebeen relatedto correspondingaerialmea-
surementswith ths SCINTAMETERdurtigthe routineexecutionof the
ABLE surveypattern. One otierset of factorswas obtainedby
personnelof the WeatherReportingElementwithboth aSCINTAMETER
and TIB. The recordof the identityof the atollwherethiswas
obtainedks been lost~

Air to groundcalibrationfor the SCINTILOGwas performedbyHASL
personnelin Nevadain 1952,using TUMB~~~p~ test sitesas
sources. Anotherset of data,obtained& an independentgroup
using a TIB dutingthe UPSHOT-KNOTEDLEseries,is availablefor
comparison.

The attenuationcurveapplledduringCASTLEis shownin Figure36.
This curveis basedupon data obtainedat JANETthen later substan-
tiatedby studiesperformedat WILLIAMand YOKE ad by miscellaneous
coincidentaldata obtainedduringCASTLE. Thesesitesrepresent
a varietyof sourceareas;for instance,YOKE and JANETare I/8
mile and 5/8 mile acrossrespectively.

Thereis goodagreementamongthe studiesat the three selected
islandsand betweenthe resultantcurvedevelopedfrom thesestuties
and +he miscellaneousdata. The extrapolationof the attenuation
curveto zero altitudeyieldsa factorof 2 ~ich is approximately
equivalentto the aircrafthull.absorption.

Individual sets of the GENE attenuation data differ markedly from

each otherand theiraverageattenuationcurvediffersmarkedly
from the bulk of the CASTLEdata. The two sets of data takenti
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Nevadaon differentoccasionsagreeremrkably well with each
otherbut differfrom both setspreviouslymentioned. The aver-
ages of the GENE and Nevadadata are plottedon Figure36. The
reasonsfor the discrepanciesare not clearlyunderstood.Any
combinationof the possibleerrorsmentionedabovemay be res-
ponsible. It is felt thatthe effectsof fissionproductage,
type of boti,and instzumnt energydependenceare factorswhich
requirefurtherinvestigation.

C. FieldCalibration.l&diu&was usedin the calibrationof
low )svelS~ and low end of the high levelunits,CotP

was used for checldngthe upper end of tb TH-7-Ascale.

,The original.meterscalecalibrationon the TH-3-Band the TH-7-A
...’.:, unitsremainedunchangedthroughoutCASTLE. The TH-34 was found.,
..... .~tosaturateabove20 mr~hrrequiringa specialcalibrationcurve

..:”.. .

.,-”
.,

,. .

. ., .,
, .}., ,,

.

., ,,
..$

.e

0

for correctinterpretationof the scaleabovethat value. !lhe
latterunit was used onlywhere intensitieswere expectedto be
less than 20mr/hr, i.e9,flightsoriginatingat Guam and Mm.

SCINTAMETEtcalibrationwas generallycheckedbefore eachuse by
VP-29 at Kuajaleinand UILSONcloudtiackingaircraftat Eniwetok.

D. Field CalibrationDifficulties.

,~* scINTAm!m maintenancewas performedat Mwetok,
Kwajalein,&i Guam. Air conditioned.workingspacewasavailable
only at Eniwetok. Becauseof the highresistancesemployedin
t~ circuit,the excessivehumhiityalteredtheirveltiewhenever
the SCINTAZ4ET13Rcasewas opensd. .... ,.

Settingthe floatpointwas accomplishedbytrial ad error. With
the lnst~nt out of its case,the float’pointwouldbe set so “’
that the.meterindicatedthe properradiationintensity;then the
instrumentwouldbe reassembledwitha packageof desicaqtwithin
th caseand aftera few hoursthe error (differe~ceb+ueen @ter
reading iand true radiationbackground)was note& The.,cabewas
thenreopenedand the floatpoint adjustedto compensatefor the
noted error. The procedurewas repeateduntilagreemento~in-
strumnt’read@g with truebackgroundwas achieved.

Wheneverthe floatpointwas checked,a readingwas takenin a
radiationfteldequivalentto greater than half scaledeflection
to insurethatthe remainderof the circuitwas operatingproperly.

.
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Calibrationwas likewisea tediousprocedurebecauseof high
lnmidity. Calibrationcontrolswere accessibleonlyby open@g
the instrumentcase so that a waitingperiodwas requiredevery
time sn instrumentwas resealedto allowthe desicantto become
effective Occasionally, calibrationof one instrumentwould
requtieseveraldaysbecauseof the waitingperiods. Frequently
the humiditywas so high the packageof desicantcouldnot com-
pletelyabsorball the moisturewithinthe hstrcment caseafter
it had been sealed.

Ei. Back ound. The frequentuse of severallargesourcesby
~ om otherprojectsIn the victiityof tie radsafe
btilding,where the HASL inst~ts were servicedon p=OWY~Pre-
ventedcalibrationof tb low end of the TH-3-B~d TH-3~ scales-
An ticreasein backgroundof as mch as ten times over the normal
of SOl to ,0~ mr/hr was notedat such tineso

FalloutfromBRAVO raisedthebackgroundat Eniwetokso thatlow
end scalecalibrationwas impossibleat any time;in orderto
continuethe program,all.low levelSCINTAMEIEISwere movedto
Kwajalelnfor servic~. On occasion,the fallouteven on Kwaja-
ldnwas sufficientto preventlow end calibration,although
theseperiodswere of relativelyshortduration,

Backgroundradiationrarelyinterferredwith the calibrationof
tlw high levelSCINTAMETERS,the minimumscalereadingbeing
1 m/hr.

E. FieldOReration~ Infield Use, the SCINTWYTERS were found
to be mst satisfactoryby tiskforcepersonnelwho used the ln-
strumnts. Those characteristicswhichwere commentedabout
mst frequentlyare~ dependableoperation,stablecalibration,
simplecontrols,singlescae~ wide r=ge$ ~ sealedcircuito
The last characteristicwas particularlyhelpfulfor cloudtrack-
ing servicesincethe instrumentswere insensitiveb altitude
changes.

Positionin Aircraft. Our experiencehas shownthat the positicn
of the instrummt withinthe aLrcraftmustbe selectedso that
the radiationfrom radiumdialson navigationalinstrumentsis
negligibleand the absorbingmaterialunderneathis mimiml and
constant. (A positionover a gasolinetank is Undesirable).
If repetitivesumeys are planned,the sam positionwithinthe
aircraftshouldbe used each time.



At timeseitheraircraftvibrationor rough handlingaffected
the tibrator-transformr(vitran)reed adjustmentcausing erratic

behavior. TO correctthis,foam rubberpadswere providedto
cushionthe instrumnt withinthe surveyaircraft.

Operating Dtificulttes.Minor circuitdifficultiessbecameevi-
dent shortlyafterarrivalat the forwardareabut thesewere
easilycorrected. Circuitcomponentfailuxwswere infrequent.
Faultycomponentswere replacedfrom a stockof sparepartsmain-
tainedinthe forwardarea.

Batteryreplacementwas necessaryon the averageafter20 hours
of meteroperation. Replacemmt necessitatedopeningthe instru-
Ent case. Each time this was donewhere an air conditionedroom
was unavailablethe tistrumnt rematiedout of servicefor up to
24 hoursuntilthe nmisturehad dried.

The vitranin the power supplywas the sourceof.two troubles
whichwere correctedafterthey were discovere~ Thesewere: (1)
failureof the vitran tostart when the instrumentwas turnedon,
(2)noisqcausingerraticmeterfluctuations.The first tiffi-
cultywas easilyeliminated-bya simpleadjustmentof the vitran
reed. The latterproblemrequireda more criticalreed adjust-
ment or cleaningof the contact. It was foundthat much of this
noisewasbeing coupledinto the circuitthrougha commonground
from the vitranand filamnt batterieS. Runningseparateground
leadsfromthesetwo sets of batteriesdirectlyto the connector
jo~g thebatterysectionto the circuitsectioneliminatedthe
necessityof a fine adjustmentof the vitranreed and also stabil-
ized severalinstrumentsfor whicha noisefree operatingpoint
couldnot be foundby adjustingthe reed.

F. RecommendedModifications.

(1) Floatpointand gain controlsshouldbe accessiblefrom out-
sidethe sealedcircuitcase.

(2) Batterychangesshouldbe possiblewithoutdestroyii~gthe
moistureseal of the circuitcase. Greatestutilityccuhlbe
realizedif batteriescouldle integratedin a case that could“u=
Pluggedtito the cticuitcase suchthat a sparebatteryset cotid
be easilyinterchangedin the fieldby a non-trainedoperator,

(3) The vitran shouldbe modified,possiblyby shockmountingor
eliminated
foundwith

in favorof a more stablepower supplyif one couldha
comparablehigh efficiency.



2. Fixed InstrumentNetwork

Each automaticnmitoring station

fla~ten’theerier~respo~e ‘
iJ!

was equippedwith one or two
each of four @pes of automtic gammamonitor. In additions~
severalstationsclose to the provinggroundswere equippedwith
Al@lR-18 Bs, portableg- mey instruments.The unmanned
stationsUjelang,was equippedwith an automaticeighthead air
sampleras wl.1 as a batteryoperatedautomaticgamnainstrumnt.
The aux~ary monitoringstatims were each equippedwithtwo
tluclearktrumsnt Corp.Model 261oAportablegammasurveyinstruments.

A. Descriptionof Instrumnts+$.

Tb automaticgaranaxmnitorsconsistedofs

(1) lb unitsof NYO type TN-3+ a 110 volt &l cyolem tube
gammamonitorwith a quasi-logarithmicresponseallowinga range
of 0.01to 25 mr/hr to be recordedon a linearO-1 ma recorder.

(2) Tan tits of NYO typ TN-3-A; a no volt, 60 Wle co~~tion
moriitoralternatelymasuring (1) the beta radioactivityfromdust
oollectedon a filterpaperand (2) surrounding gammaintensityis
ro~dad for fiftyminuteseveryhour duringwhichthe dust is col-
b8’tedon filterpaper. The beta fromthe dust sampleSs counted
fbr fiveminutesand then thebackgroundfrom a cleansectionof
ftlterpaperis countedfor the remdning five mhutes of the hour.
Both channels use @f tubesand the circuitsare logarithmicwith
the gamnarange from 0.01 to 100 mr/hrand the beta rangefrom
100 to 10, OOO,OOO dpnl. The recorderis a standard0.1 ma linear
recordingmillimeter.

(3) TWOunitsof NXO type TN-&A, a 11.Ovolt, ~ cycleGM tube
gammanmitor with a logarithmicresponseall.ow@ga rangeof O.1
to 100 mr/hrto be recordedh a linearO-1 ma. recorder.

(b) TWO uniteof NYO type TN-Z-A:a batteryoperatedgammamoni-
~ with a logarithmicresponseallowinga rangeof 0.01 to 100
mr/hr. The surroundinggammaintensityis recordedfor fiveminutes
each hour on a O-1 ma. linearrecorder.

*For det&@d chiecriptionof instrumentssee “HASL-154,OPERATINGPROCEZWRE,
FALLOUTMONITORING~ CASTLE.n

8’nsFwk
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The battery operatedeight-headair samplers,NXO type TN-$A,
takeeight consecutiveone hour dust sampleson one inch diameter
filterpapers. Dust samplingbeginsautomaticallywhen the sur-
roundinggammaradiationexceedsa predeterminedvalue;O.1 mr/’Lar
was used duringCASTLE,

-
PDR-18Bscintillationtypesurveymeters@manufacturedfor

the avy havefull scalerangesof oS, 5, 5~ and Soo rhb These
were providedto certainautomaticmonitoringinstallationsto
supplexmmtthe automaticunits if radiationintensitiesexceeded

!-100mriti.

surveymeteruses a Gii
maximumreadingsof 0.2$ 2.0, and

2; ;/hr, These @trumnts were sentfrom the NYOO via AFOAT-1
channelsto the auxiliarystations. No maintenanceon thesein-
strumentswas performedb the forwardarea.

B. FieldCalibration.The automaticmnitoring instrumentswere
assembledat ParrY .Lslandfor maintenanceand calibrationprior
to theirdistribu~ionto the monitorhg stations. The re=ks
madepreviouslyconcerningthe effectsof sowces on SCINTAhiETER
calibrationare equallyapplicableto the automaticunits.

c. FieldQperation

DiurnalVariation. The TN-2-A,‘W&A and the gammachannelof
TN-3-A Iaxhd. bit@d a diurnalvariationin radiationreadingwhich
adverselyaffectedthe dependabilityof the radiationmeasurements
below0.1 mr/hr. TMs was a continuoussourceof difficultydur-
ing CASTLE. Fieldtestswere conductedwithoutsuccessduringthe
nxmitorhg programto determinethe Causeo

The investigationwas continuedat HASL,New York,w~r@ there-
sistanceof thebake~te insulationon thebase of the Anton310
GM tube was foundto changewith temperature.

Thereare otherfactorslikelyto contributeto the diurnalvari-
ation althoughspecificinformationis as yet unavailable.The
effectof humidityis stronglysuspected. The GM tube and certain
highresistancecomponentsare sealedin a tubularcasingwhich
constitutesthe probe on the automatici~t~nt. Sincethis
tube is not disturbedduringnormal.maintenance,the humidityhas
no imediate effecton calibrationas is the case when SCINT&ETEFtS
are opened. However,the dailyheatingand coolingof misture
which may seep intothe probeovera periodof tim may be partly
responsiblefor erroneousnter indicationsmmifested in the di-
ti v~tion.



‘. ,

High VoltageBoards. A failurecomnonto theseunitsoccurred
?m the highvoltageboards. Thesebeardswere alsobalmliteand
apparentlythe high humidityencounteredreducedthe i&lation
resistanceto the pointwhere sufficientcurrentflowedfrom
high voltagepointsto groundto burn the board. The leakagere-
actanceof tk transform in theA.C. units (TN-3-Aand TN-4-A)
was high enoughto preventexcessivecurrentin the pr~ so
that the shortwouldburn throughwithoutthe circuitbreaker
opening. In the D.C. unit (TN-2-A)the excessivecurrentdrayn
dischargedthe battery. Bakel.itebosrdsshouldnot be used in
the highvoltagesectionof equipmnt to be used in high humidity
areas.

UnregulatedLine Voltage. At most of the installations,line volt-
age and frequencywere maintainedat standardlevelsonlyduring
the upperlevelwind observations.Voltagesas low as 85 vQlts
were observedduringmaintenancevisitsand near the end of th
operationc@itions my havebeen worsedue to the fielshortage
at severtistations.

Water damagecausedtemporaryfailureof severalinstnun?m~.
water enteredthe instrunmts dueboth to heavywind &ivaO rain
and condensation.The formerwas the greaterfactor+d was elim-
inatedby placingshedsover the.units. These she’dswere usudW

‘ constructedwith the nmitor packingcase,supportedby four legs~
invertedoverthe instrumnt. The condensationcouldnot be stopped
but this alone&d not causeany instrumnt failuxes.

.,TN-24. Severalmercurybatteries(MaUOI’Y308k48) went bad low
G the expectedend of theirme and showedsignsof leakage.
Ekceptfor one case,this occurredonlyin thosebatteriesfrom
whichseveral’cellswre removedto obtainB* voltage.~Evidently
the stressplacedon the cellsby’ this operationis excessiveand
another~thod of v~ing B + shouldbe devised. A few & these
‘batterieswere receivedwith the polari~, as indicatedon the
casing,reversed.

‘,

The two bars supportingthe recorderare not strongenoughand
tier the weightof the recorder,pressedon tie batteriescutti~ -
‘theircasings. Glyptalpaint,whichwas used to insulaterivets
fkdnithe mtal base platedid not standup and severalshorts
occurred.

s TN-3-A. The major failuresin this
=’. The papei’drivemchanism

.*

typeunit occurredin the beta
broke down in almostevery



everyunit. me contribut~ factorsherewere the tendencyof
the frictiongear to tightenUp againstthe xnmting plateand
metalcorrosion. The formr preventedfeedingof the filterpaper
which stalledthe drivemotor. The overheatingof the motorin
additionto the rust caus$dby excessivehumidityusuallyfroze
the rmtorshaft.puftingthe dystmofitorout of commis,donuntil
the,qotircouldbe replaced.

TN-54. Be~tiebeingPlacedon Ujelsng,the dust samplerswere
presetb txiggerat OGX ~/hr. On subsequentvisitsafterbursts,
the baG~Qund wti o~n greaterthan the triggersetting. In
orderto wdy the instrumnt for the following~nt, the trigger
settingnecessarilyhad to be raisedabovethe currentbackground
value. An @@&tlng amtrol on the instruwnt.permlttedaccurate
@justmmt onlyby cumberso~trial and eiror.procedqreutilizing
a portableqo~ce .sndgama -~ ins-t. Geqeral.1.y,there
being insufficientti~ for this~ocedure, the settingwas adjusted
to s’o~value$~ appro~te~ kn@n, such that the unit would
not tri@”@rin the gama fteld. Be~use of this, the samplingtime
for the next evAntcouldtit be ac~ately establis@d.

i.
D. ReqcmiendedModifications. ,.

.. . . ..“.
TN-3A. .Thefrictionclutchshouldbe made with a reversedthread
=t it would tend to loosen. The paper &lve motoris heavier
and fasterthanrequired. A smallermotorwould allowt%e paper
reel suppating plate todrop lower dlcwing easierloadingof the
paper. AISo the slowerdrivemotorwill.eliminateover-running
of the dOtenton the stop can.

. .

A methodof stopping‘thepaperafterit has traveledthreeinches
would incr&asethe I#e of a filterpaperroll from B.to approxi-
.:glateily16 dfQVs● At ~esent, tb amountof pa~r per-sampleis
controlled~ the radiusof tb @keup reelwhichincreaseswith
the nuxber“ofsamplestaken. Sticeit is necessafyb have the
driveset so that threeinchesis traversedwith the minimumradius,
the open spacebetweensamplesbecormsexcessivelylong as the roll
is used. A rubberpinchwheel assembly whichwouldbe simplein
designcouldbe used to flx the amountof papertravel.

Replacingthe beta GM tube or servicingthe cticuitmountedwithin
the lead shieldis difficult,requiringalnmsta completedismantl-
ing of the xmd.torwhichis extre~ly Wf icultin the field.This
whole sectionshouldbe nmuntedto a plug in the rear of the lead
shieldwhichis easilyremovedwithoutdisassemblingotherpartsof
the unit.
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To sirnplif’gcalibration,the commm filamentvoltagecontrolof
the beta and gammaamplifiertubes shouldbe eliminatedin favor
of individualcontrols.

TN-5-A. A calibratedcontrolshouldbe providedso thatthe trigger
-g can be changedeasilyto a &fferent knownvalue in the
field.

A device to providea recordof the sxt of samPl@ t~~ sho~be
incorporatedin the samplerunit.

General. To ease fieldmaintenanceand calibrationof the continu-
~fitors, a switchdisconnectinghighvoltageshouldbe incorpo-
ratedti the circuitand provisionmade for insertinga portalile
meterin the outputcircuitat the monitor. The lattermodific-
ationwouldbe a conveniencebecausethe recorderis usuallysome
distancefrom the monitorand it is not possibleto adjustcontrols
and watchthe recorderdeflectionsimultaneously.

.
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On the basisof experience
modificationsareproposed
of thisnature~

gainedduringthis aperatlon,the folW&Sg
for use in any ftu%hermnitoring programs

L ~ additionta the gmsral patternof auto=tic nmitaring stitlons
includedfor C&STLG,.~ovidesupple~tary stationsat severalatolls
forminga semicircleorientedto the east axl within300 ~les of the
test site. The m st practicalinstallationfor thesesupple=ntiil.sta-
tions~tid be auto=”tic, batteryoperated,unmanned.equlpmen$. If
possiblSthey s~d be eqplppedto telemeter.The locationssho~d be
sebqted on the basis of accessibilityBy air or surfacevesselis well.
as distributionaruundthe test=ea. .

,.
f.,. ,.,

llee@y<r bi-weekly”~sitswouldbe necessaryfor maintenance (ad data
kebovery in theeveti.telemeteringcannotbe uMUZ*) ● -‘~~, ... . “.:

2. O@lcate i@sti@amtatii?nIs essentialat unmannedstationsand is
strongly desirableat maxmed,statiom’g....,.

,3+ ~, ~ternativeto #1 wo’~dbe morefrequentsurveyflightscover-
* ~ fE@ “Patti- foll~ eachevent,althoughthiswouldnot
proviti“thesameprecisidnof falloutartival=asurementsas wouldbe

‘.-‘&tai&d by the ~ound stationsmr wouldpeak valuesnecessaril.lybe
ob~d. Dailyflightse-achof the ABLE andBAKER patternsup to

--~ or six days after.each eventia a,$ditionb normal scheduling
: waaldsufficeto detectI@e occurringfalloutaad establishfallout

. -arrivalt- to witMn a 21+hourperiod.

AS a aduiznmre~ment~ .dachflight~ttern titid ~ executsds~rt@
. . ~betore-ch etentafterthe firstto maaurd residualcontandnat50nin-

. . .,$ ‘Ixmsities.It is onlyby this n=Aw tht W ~f~~@ fium ~cceas$ve.0;-.
burstscan be a$ctmt%ly cqmpute~’ frc)mmeaspfedvalues. Mng w~,.,.. .... . ...: it was faund to,be impossibletcischedule.thesere-surveyflightson

.. D - 1 becauseof unpredictable da~y$ in ~tonating the test devices
9 ..

and frequent conflictswithtie~eurv~ $Wbdn’s otherco~tmnts fi

,.,
●.””.

,. ,.

,

:..
.

,.*

‘bdtuaenbursts,re-&rveys at regtiM flvO da~, 5htervals are su&isted
to emsurethe qurrencyof residualcantambktiondata.

~. De$elopproceduresfor--zr@t survey”flights. Suchproceduresslxxald
probably“providefor omitti@ islandswith mountainousterrain.

S*”ligm&#p -*c&s
in-flightradiationto

fordifferenWM.ngam~ the severalsourcesof
pertitproperevaluationof groundIntensity
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measurements.The sourceswhichmay obscurebackgroundzneasurer.ent
for correctionare .s&shine and sea activity. The properapplication
of shieldingat the surveyinstrunmt couldeliminatesubstantially
all radiationoriginatingin and on the aircraft.

6. Automiticfissionproductdustmeasurtnginst~nts shoulibe
perfectedand utilizedat stationswithinthreehundredmilesof the
test area.

7, A continuingeffortshouldbe made to correlatefalloutdensity
per unit area of groundwithradiationintensity. Samplingby -d
film or equivalentshouldbe done at monitoringstations.

8. The successfulmeasurementof falloutover the open sea fromair-
crafthas been demonstrated.3Perfectionof this techniqueholds
greatpromisefor accurateevaluationof falloutpatternsup ti two
to threehundredmilesdownwindfrommegatonrangebursts. Although
the aerialsurveyprogramdescribedhsreinuas not designedfor that
particularservice,the programscouldbe coordinatedfor mutualbenefit~

A.

B.

c.

D.

9. The
tensity
studied
age and

Surveyaircraftenroutebetweentwo atollscan measuresea
radiationas a corollarymission. Towardthisend, survey
patternscouldbe modifiedwithincertainlimitsto examine
areasof particularinterestwithoutimpairingthe atoll
surveyfunctions.Wastefuloverlappingof surveymissions
couldbe avoidedin this manner.

Atollradiationdatawould supplementthe sea surfacedata~
broadeningthe scopeof the studY.

Under suitablecircumstances,the atolldata wouldprovide
a directrelationbetweensea measurementsand groundactivity.

Imnediateexactknowledgeof the falloutpath direction,de-
rivedfrom sea surfacemeasurements,would be usefulin an-
ticipatingappropriateatollsurveyrequirements.

conversion of radiationmeasurementfrom the air to ground in-
shouldbe more accuratelydefined. Phenomenonnecessarytc be
are @strumental energydependence,effectsof fissionproduct
composition,and the relationshipof groundintensities as

determinedby air measurementto groundintensitymeasurementby con-
ventionalportablesurveyi.nstrumnts.

10. Recommendationsconcerninginstrumentationare includedin
SectionVI.
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